We have recently demonstrated that K+-induced dilation of cerebral resistance-sized vessels has two independent components, only one of which seemed sodium pump dependent. In our current investigation, potassium-induced dilation of spontaneous tone was compared in cerebral arteries from normotensive Wistar-Kyoto rats and age-matched stroke-prone spontaneously hypertensive rats. Branches of the posterior cerebral artery were cannulated and pressurized, and these vessels developed spontaneous tone. After a 5-minute period in K'-free physiological saline solution, K' was increased in 1-mM increments to a final concentration of 15 mM. In the normotensive arteries, K' concentrations between 0 and 5 mM K' resulted in dilations that had a transient (sodium pump-dependent) component, and K' concentrations in excess of 7 mM produced dilations that lacked a transient (sodium pump-independent) component. Similar branches from the hypertensive rat also responded with transient dilations to K' (<5 mM), and these were significantly greater at 3 mM K'. However, the maintained dilations to K' (>7 mM), noted in preparations from Wistar-Kyoto rats, were absent in seven of eight preparations. Thus, the impaired dilations, in the hypertensive vessels, to K' described here is a consequence of altered function of some sodium pump-independent component rather than altered Na+ K+-ATPase activity. (Circulation Research 1990;67:1035-1039 P otassium-induced dilation of isolated vascular preparations and intact vascular beds is used as an indirect measure of Na+ K+-ATPase activity."12 Potassium-induced dilation has been reported as augmented',3,4 or attenuated in various forms of hypertension,5-7 and the results from these investigations have been interpreted as either altered rate or amount of sodium pump activity in established hypertension. However, in our recent study8 of the contribution of the sodium pump to spontaneous tone in isolated segments of rat cerebral arteries, two components of potassium-induced dilation were observed. One of these components was consistent with sodium pump activation. The second component was barium sensitive, and we suggested that it might be mediated via inward rectifier potassium channels. In the present investigation, potassium-induced dilation of spontaneous tone of posterior cerebral artery segments from normotensive Wistar-Kyoto (WKY) rats has been com-pared with those from similar branches from strokeprone spontaneously hypertensive rats (SHRSP).
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We have recently demonstrated that K+-induced dilation of cerebral resistance-sized vessels has two independent components, only one of which seemed sodium pump dependent. In our current investigation, potassium-induced dilation of spontaneous tone was compared in cerebral arteries from normotensive Wistar-Kyoto rats and age-matched stroke-prone spontaneously hypertensive rats. Branches of the posterior cerebral artery were cannulated and pressurized, and these vessels developed spontaneous tone. After a 5-minute period in K'-free physiological saline solution, K' was increased in 1-mM increments to a final concentration of 15 mM. In the normotensive arteries, K' concentrations between 0 and 5 mM K' resulted in dilations that had a transient (sodium pump-dependent) component, and K' concentrations in excess of 7 mM produced dilations that lacked a transient (sodium pump-independent) component. Similar branches from the hypertensive rat also responded with transient dilations to K' (<5 mM), and these were significantly greater at 3 mM K'. However, the maintained dilations to K' (>7 mM), noted in preparations from Wistar-Kyoto rats, were absent in seven of eight preparations. Thus, the impaired dilations, in the hypertensive vessels, to K' described here is a consequence of altered function of some sodium pump-independent component rather than altered Na+ K+-ATPase activity. (Circulation Research 1990 ;67:1035-1039) P otassium-induced dilation of isolated vascular preparations and intact vascular beds is used as an indirect measure of Na+ K+-ATPase activity."12 Potassium-induced dilation has been reported as augmented',3,4 or attenuated in various forms of hypertension,5-7 and the results from these investigations have been interpreted as either altered rate or amount of sodium pump activity in established hypertension. However, in our recent study8 of the contribution of the sodium pump to spontaneous tone in isolated segments of rat cerebral arteries, two components of potassium-induced dilation were observed. One of these components was consistent with sodium pump activation. The second component was barium sensitive, and we suggested that it might be mediated via inward rectifier potassium channels. In the present investigation, potassium-induced dilation of spontaneous tone of posterior cerebral artery segments from normotensive Wistar-Kyoto (WKY) rats has been com-pared with those from similar branches from strokeprone spontaneously hypertensive rats (SHRSP).
Potassium dilation between 0 and 5 mM K', assumed to result from sodium pump activity, appears slightly elevated in hypertension; however, the sodium pumpindependent dilation is absent.
Materials and Methods SHRSP and WKY rats used in this study were males aged between 16 and 25 weeks at the time of death; they were obtained from a colony maintained at the University of Vermont, Burlington. The mean body weight of WKY rats was 335 +4 g; the mean body weight of the SHRSP was 291±8 g. Systolic blood pressures were measured in the week before the experiment by tail-cuff plethysmography. On the day of the experiment, the rats were lightly anesthetized with ether and decapitated; the brain was removed. A branch of the posterior cerebral artery was dissected in cold physiological saline solution (PSS) containing (mM) NaCl 119, NaHCO3 24, KCI 4.7, NaH2PO4 1.18, MgSO4.7H2O 1.17, CaCl2 1.6, and glucose 5.5; the sections were then transferred to an arteriograph. Details of vessel mounting, arteriograph, the pressureservo and video diameter-measuring system (Living Systems Instruments, Burlington, Vt.) have been described in detail elsewhere.9 In brief, the vessels were slipped onto a glass cannula (tip diameter, 50-100 gtm) by using extra-fine-point No. 5 microforceps and secured with a strand of surgical suture. PSS was then gently flushed through the vessel to remove any residual blood. The distal end of the vessel was subsequently occluded with another strand of surgical suture, and the vessel was held in position with a pinch clamp. The intraluminal pressure was increased to a pressure approximating that which the vessel was thought to experience in vivo (i.e., 50% of systolic blood pressure). The rationale for use of this pressure is as follows: the mean blood pressure is about 75% of the systolic pressure, and pressures of vessels of the size used in this study are estimated from studies of isolated tissue and pial window micropressure studies to be near 70% of the mean systemic pressure. Pressure was continuously recorded with a pressure transducer.
The arteriograph was connected to a 500-ml reservoir of PSS that was vigorously bubbled with 10% 02-5% C02-85% nitrogen and circulated by use of a Masterflex pump (Cole-Parmer Instrument Co., Chicago) at a rate of about 100 ml/min. PSS (pH 7.4+0.02) flowed through a heat exchanger connected to a heating pump (Haake, N.J.). Temperature was maintained at 370 C and continuously monitored with a thermistor probe (Yellow Springs Instrument Co., Yellow Springs, Ohio). The arteriograph containing the pressurized vessel was placed onto the stage of a microscope with an RCA television camera attached to a viewing tube; lumen diameter was measured with a video-electronic dimension analyzer and, together with pressure, was recorded on a strip chart recorder (model MC6622, Western Graphtec, Inc., Irvine, Calif.). The preparations were allowed to equilibrate for a period of 1.0-1.5 hours. During this period, vessels developed spontaneous tone.
After equilibration, vessels were incubated in K+free PSS for 5 minutes. K' was subsequently reintroduced to the PSS in 1-mM increments to a final concentration of 15 mM, and each concentration was present until steady-state responses occurred. No osmotic compensation was made for the change in potassium concentration.
At the end of each experiment, diameter measurements were made in a calcium-free PSS containing 1 mM EGTA. Percent dilation is related to the diameter in zero K' (smallest diameter) and to the diameter when fully relaxed (largest diameter) and was calculated as follows: (K' concentration diameter-zero K' diameter)/(EGTA diameterzero K' diameter) x 100. Since transient responses are noted only at lower K' concentrations, summarized data have been presented in two forms, one showing peak transient and steady-state responses between 0 and 6 mM K' and a second showing steady-state responses from 0 to 15 mM K'. Data are expressed as mean+±1 SEM, and n represents the number of animals, with one vessel obtained from each animal. Statistical analysis was performed by a two-way analysis of variance (Newman-Keuls) where indicated. Values of p<0.05 were considered significant.
Results
At the pressures examined (systolic blood pressures: WKY rats, 118±3 mm Hg [n=8]; SHRSP 178±7 [n=8]), vessels from the WKY rats had a diameter in calcium-free PSS (maximal diameter) of 186±8 ,um and, after equilibration, a developed tone that resulted in a reduction in diameter to 67±4% of the maximal diameter. In zero K', these arteries contracted to 58±4% of the maximal diameter. Vessels from the hypertensive rats had a mean diameter in calcium-free PSS of 149±5 ,um and a developed tone that resulted in a diameter of 64±5% of the maximal diameter. These vessels contracted in zero K' to 61+7% of the maximal diameter. Figure 1A shows the response of a single preparation from a WKY rat to increasing K' concentration after a 5-minute period in K'-free PSS. Concentrations between 0 and 5 mM K' produced a marked transient dilation followed by slow reconstriction. In this lower concentration range, maximum transient dilation occurred This response differed from the dilation noted at lower K+ concentrations in that it was well maintained and the artery did not decrease in diameter when the potassium concentration was further increased, in 1-mM steps, to 15 mM. Figure 1B summarizes the transient and steady-state responses between 0 and 6 mM K+; steady-state responses between 0 and 15 mM K+ are shown in Figure 1C . Arteries from SHRSP also dilated transiently between 0 and 5 mM K+, but above this concentration the responses differed markedly from WKY arteries in that the vessels did not dilate further (seven of eight preparations). Figure 2A is an example of the responses of a single artery, and summarized data are shown in Figures 2B and 2C .
Transient responses (0-5 mM K+), thought to represent sodium pump activity8 from arteries of SHRSP and WKY rats, are compared in Figure 3 . Although these responses of preparations from SHRSP showed a trend to be elevated (1-5 mM K'), they only reached significance in 3 mM K+ (p < 0.05).
Discussion
Altered external potassium concentration has a number of effects on transmembrane ionic gradients. For example, increasing K+ would favor depolarization as predicted by the Nernst equation and, therefore, constriction. However, a large body of evidence now shows that increasing external potassium, at least over a lower concentration range (0-15 mM), will produce a hyperpolarization and relaxation of vascular smooth muscle. The prevailing explanation for potassium hyperpolarization has been stimulation of the sodium pump,4"10 although recently Edwards et al"l provided electrophysiological evidence for a potassium-evoked hyperpolarization in vascular preparations by a mechanism other than the sodium pump. These authors" found that larger cerebral arteries depolarized to increased potassium and small cerebral arteries and arterioles hyperpolarized. Using the voltage-clamp technique, they examined the potassium-induced hyperpolarization in these small cerebral arteries and found K' channels that were activated by increases in external K' concentration and antagonized by barium. Their observed K' hyperpolarization is consistent with activation of inwardly rectifying K' channels, and they speculated that these channels might play an important role in determining resting membrane potential in cerebral arterioles. Recently we8 reported that K' dilation of the spontaneous tone of WKY cerebral resistance arteries could be separated into two components, each of which appeared at different K' concentrations. One of these components could be explained by activation of the electrogenic sodium pump (0-5 mM K'); the other was consistent with stimulation of inward rectifier K' channels (>7 mM K'). We speculated on the possible role of the putative inward rectifier K' channel in metabolic autoregulation. In the present investigation, posterior cerebral arteries from SHRSP also dilated transiently to K' concentrations between 0 and 5 mM, although the maintained dilation (>7 mM K') was absent in seven of eight arteries. In fact, the arteries from SHRSP responded with a small constriction to the higher concentrations of K' (seven of eight preparations); this presumably reflects a depolarization to the increased K+ concentration as a consequence of a shift in the potassium equilibration potential.
It would appear that, if changes in K+ via the barium-sensitive component do play a role in metabolic autoregulation in rats of normal blood pressure, metabolic autoregulation is either gravely impaired or K' has been replaced with some other metabolic and/or neurogenic influence in hypertension.
Edwards et al"l pointed out that the development of the inward rectifier is negatively correlated with density of sympathetic innervation, such that channel activity is present only when sympathetic innervation is scant or absent. Such a correlation is not unique to this channel; for example, it has been found that denervation of rat muscle fibers induces the appear- spontaneously hypertensive rats compared with normotensive WKY controls. 13 If the dilation we observed with higher K' concentrations (>7 mM) is attributable to the inward rectifier, the enhanced sympathetic innervation would be a causal explanation for the loss of this K' dilation.
In a variety of forms of hypertension, using a number of experimental approaches, sodium pump activity has been reported as increased1'14"15 or decreased.16 '17 The present investigation shows that part of the K' dilation that we attribute to the sodium pump appears slightly elevated in arteries from SHRSP. However, this only reached significance at one concentration (3 mM K'). Many investigators18"19 have hypothesized that blood vessels from the hypertensive rat are abnormally permeable to sodium. Thus, given that the rate of sodium pump activity is a function of internal sodium and external K+ concentration, an elevated intracellular sodium concentration will result in increased pump activity at each external potassium concentration. Consequently, it is possible that this small difference between arteries from SHRSP and WKY rats, in our experiments, might be enhanced by a longer period in K+-free PSS.
Edwards and Hirst20 have also recorded prominent inward rectifier K+ channels from submucosal arte- T T rioles of the rat; this finding suggests that a sodium pump-independent dilation would occur in this preparation also. If the sodium pump-independent dilation does exist in these arterioles, it is conceivable that it will occur in other vascular resistance vessels. This has important implications concerning the usefulness of K' dilation in the study of sodium pump activity in the microcirculation. Indeed, examination of the literature reveals depressed vasodilator responses to K' in established hypertension predominantly in investigations in which arterioles are important to the observed response, for example, in investigations of intact vascular beds. 5-7,2' In summary, elevating external K' (0-15 mM) dilates cerebral arteries by both sodium pumpdependent and -independent mechanisms. The sodium pump-dependent component is slightly elevated in hypertension, whereas the sodium pumpindependent component is absent.
